Preparation and characterization of fluorescent scorpion toxins from Leiurus quinquestriatus quinquestriatus as probes of the sodium channel of excitable cells.
Fluorescent derivatives of scorpion toxin V from Leiurus quinquestriatus quinquestriatus have been prepared so that the topographical, dynamic, and cellular properties of the neurotoxin receptor site on the voltage-dependent sodium channel could be studied. Four different modification strategies have been pursued in which acylated, amidinylated, thio-amidinylated, and reductively alkylated scorpion toxins were prepared. Acylation induces a loss of net positive charge on the toxin and these derivatives are purified by preparative isoelectric focusing and ion-exchange chromatography. Amidinylation and reductive alkylation preserve the protonation state of the toxin and maintain the native tertiary structure of the toxin. Because the native toxin does not contain cysteine, we have introduced new sulfhydryls through modification with the cyclic imidoester 2-iminothiolane which also preserves the net charge on the toxin. Novel purification methods with small amounts of toxin by immunoprecipitation using antibodies directed against the chromophores or through covalent thiol-disulfide exchange chromatography have been utilized. The biological activities, equilibrium binding, and spectroscopic properties indicate that these derivatives retain high affinity for the sodium channel and are as active or only 2-3 times less active than L. quinquestriatus V toxin itself. The spectroscopic properties of these fluorescent derivatives cover the absorption range from 290 to 470 nm, and fluorescence emissions range from 360 to 550 nm where suitable filters and spectral overlap with previously synthesized fluorescent tetrodotoxin can be found. The fluorescent properties in particular show excellent environmental sensitivity and are suitable for probing the molecular dynamics of the toxin receptor and for topographic mapping of the sodium channel by fluorescence resonance energy transfer measurements.